Background {#s1}
==========

High-risk infants refer to newborns exposed to high-risk factors in the prenatal, natal or postnatal period,[@R1] mainly including preterm infants and full-term infants affected by one or more risk factors. The neurodevelopment of infants is affected by multiple factors, such as heredity, biology and environment. Preterm birth and low birth weight are known high-risk factors related to infants' neurodevelopmental abnormalities.[@R2] Neurodevelopment monitoring of high-risk infants under the age of 3 years old is crucial for early identification of developmental abnormalities; therefore, early interventions which aim to improve motor and/or cognitive development could take the full advantage of neurological plasticity.[@R3]

In the current study, high-risk infants recruited from infant healthcare institutions in three districts of Shanghai were followed up. The Gesell Developmental Scale (GDS) was used to assess the neurodevelopment of high-risk infants shortly after birth and at 9 months of age. By identifying the influencing factors of the developmental abnormalities in motor, language, cognitive and social areas, this study provides basis for management and early intervention for high-risk infants.

Subjects and methods {#s2}
====================

Subjects {#s2-1}
--------

High-risk infants born between January 2016 and December 2016 were recruited in the maternity and infant health hospitals in three districts of Shanghai. The inclusion criteria[@R1] were (1) high-risk factors during pregnancy and birth, such as preterm birth (gestational age \[GA\] \<37 weeks), low birth weight (birth weight ≤2500 g), giant infants (birth weight \>4000 g), intrauterine developmental retardation, perinatal asphyxia and so forth; (2) birth complications, such as neonatal hypoxic ischaemic encephalopathy, hyperbilirubinaemia, intracranial haemorrhage, purulent meningitis and so forth; (3) and other high-risk factors, such as chronic lung disease, persistent feeding problems, persistent hypoglycaemia and so forth ([figure 1](#F1){ref-type="fig"}).

![The inclusion and exclusion criteria of subjects and flow chart of research. DQ, developmental quotient; GA, gestational age; GDS, Gesell Developmental Scale.](gpsych-2018-100034f01){#F1}

Methods {#s2-2}
-------

### Survey methods {#s2-2-1}

High-risk infants that met the inclusion criteria were recruited and systematically followed up by the infant health department of the maternity and infant health hospitals in three districts of Shanghai[@R4]: within 0--6 months, the infants were followed up every month; and within 7--12 months, the infants were followed up every other month. Each follow-up included physical assessment, feeding guidance, neurodevelopment monitoring and instruction for early comprehensive intervention. At the time of recruitment (\<2 months 0 day), basic information of the infants and their family was recorded, and the neurodevelopment was evaluated by trained paediatricians using the GDS. At 9 months of age (8 months 15 days--9 months 15 days), neurodevelopment was assessed again with the same scale. In the assessment of physical and neural development of preterm infants, their age was corrected by calculating the age from the expected date of birth.

### Instrument {#s2-2-2}

#### General Information Questionnaire {#s2-2-2-1}

Basic information of high-risk infants was collected, including GA, birth weight, mode of delivery, birth complications and so forth. Information regarding parental general conditions, pregnancy and birth, smoking and drinking habits of the mother during pregnancy, and other health issues were also collected.

#### Gesell Developmental Scale--Chinese Revised Version {#s2-2-2-2}

The GDS-Chinese Revised Version was used to assess neurodevelopment. GDS is a widely used classic psychometrical scale in China evaluating the development of child aged less than 6 years old. However, it was revised years ago. so the threshold value of the scale for assessing the development level is determined by the pass rate (75% or 90%) of the item in the norm population. This scale has no reliability and validity information revealed in related literature.[@R5] GDS can comprehensively assess the level of development in four developmental areas of children aged between 16 days and 6 years old, including motor area (gross and fine motor skills), cognitive area (analysis and synthesis of external stimuli and the ability of using previous experience to solve new problems), language area (listening, understanding and the ability in verbal communication) and social area (reaction to real social culture, social interaction and viability). The result is expressed by the developmental quotient (DQ): DQ ≥86 means normal, DQ \<86 means abnormal. This scale helps to identify infants' strengths and weaknesses in different developmental areas and provides a baseline for targeted education and training.[@R5] The DQ of the different developmental areas indicates the infants' developmental level in different dimensions. Thus the sum or average score of the different areas could not indicate the general developmental level.

Quality control {#s2-3}
---------------

Basic and follow-up information of high-risk infants was collected by a trained nurse and managed by a data management person. The assessment using GDS is performed by a paediatrician who was trained and qualified. All the assessments are performed in a standardized measuring room, in which the environment and facilities meet the assessment requirements.

Data analysis {#s2-4}
-------------

Data cleaning, processing and analysis were performed in Excel 2016 and SPSS V.23.0. Descriptive statistics were performed for ratio and constituent ratio. $\overset{¯}{X}$ (SD) and two-sample t-test were used and performed to describe and analyse the neurodevelopment of high-risk infants. χ^2^ test of univariate analysis was performed, and *p*\<0.05 means having statistical significance. Logistic regression (forward: Logistic Regression (LR) method) of multivariate analysis was performed; when *p*\<0.05 the variable was entered into the equation, and when *p*\>0.10 the variable was excluded.

Results {#s3}
=======

General description of recruited high-risk infants {#s3-1}
--------------------------------------------------

In total there were 648 infants, who received service from the maternity and infant health hospitals in three districts of Shanghai, born between January 2016 and December 2016. Four hundred and eighty-four infants whose GDS assessment results were complete at the time of recruitment or at 9 months were recruited. Within these 484 high-risk infants, 22.9% were from Jiading District, 46.7% from Jingan District and 30.4% from Putuo District; 51.0% were male and 49.0% were female. Caesarean delivery was the major delivery method (66.7%), vaginal delivery accounted for 31.8%, and delivery aided by forceps and other methods accounted for 1.5%. High-risk infants had an average GA of 36.5 (2.2) weeks and an average birth weight of 2727.6 (694.6) g. The average age of fathers was 33.6 (0.7) years, and the average age of mothers was 31.5 (4.3) years.

The composition of these 484 high-risk infants according to their GA[@R8] and birth weight was as follows: early preterm infants (28 weeks≤GA\<32 weeks) accounted for 1.4%, mid-term preterm infants (32 weeks≤GA\<34 weeks) accounted for 7.9%, and late preterm infants (34 weeks≤GA\<37 weeks) accounted for 42.1%. Full-term birth with low birthweight infants (GA ≥37 weeks and birth weight \<2500 g) accounted for 16.5%, full-term birth with normal birth weight (with other high-risk factors) accounted for 24.8%, and full-term giant infants (GA ≥37 weeks and birth weight \>4000 g) accounted for 7.2%.

Neurodevelopment of high-risk infants with different GA {#s3-2}
-------------------------------------------------------

The level of neurodevelopment was measured by the DQ scores for both preterm and full-term high-risk infants. At the time of recruitment, the preterm infants' average DQ score in each developmental area was lower than that of full-term infants. At the age of 9 months, the gap was reduced but the score in the motor area was still lower, as shown in [table 1](#T1){ref-type="table"}.

###### 

Comparison of DQ scores (X\[*s*\]) of preterm and full-term high-risk infants

                   Recruitment   Age of 9 months                
  ---------------- ------------- ----------------- ------------ --------------
  Motor area                                                    
   DQ              83.3 (14.6)   90.1 (11.1)       96.1 (9.1)   100.1 (11.9)
   *t*             3.542         3.208                          
   P values        0.001         0.002                          
  Cognitive area                                                
   DQ              80.2 (14.1)   86.3 (13.3)       94.9 (8.1)   95.7 (8.9)
   *t*             3.125         0.643                          
   P values        0.002         0.521                          
  Language area                                                 
   DQ              85.5 (14.1)   91.6 (12.9)       92.8 (7.9)   92.3 (8.2)
   *t*             3.189         0.417                          
   P values        0.002         0.677                          
  Social area                                                   
   DQ              85.7 (14.0)   92.2 (13.7)       93.8 (7.4)   94.5 (7.4)
  * t*             3.316         0.788                          
   P values        0.001         0.431                          

DQ, developmental quotient.

The incidence of neurodevelopment abnormalities in high-risk infants with different GA {#s3-3}
--------------------------------------------------------------------------------------

Comparing the incidences of neurodevelopmental abnormality (DQ \<86) of preterm and full-term high-risk infants at the time of recruitment and at 9 months, it was shown that at the time of recruitment preterm infants' incidences of developmental abnormalities in the motor, cognitive, language and social areas were, respectively, 21.4%, 17%, 24.3% and 17.9% higher than those of full-term high-risk infants, and these differences were statistically significant. At the age of 9 months, the incidences of developmental abnormalities of preterm infants dropped, and there was no significant difference with the full-term high-risk infants. However, at the age of 9 months, the incidence of developmental abnormalities in each area was still about 10% for both preterm and full-term high-risk infants, as shown in [table 2](#T2){ref-type="table"}.

###### 

Incidence of neurodevelopmental abnormalities of different categories of high-risk infants (%)

                   Preterm infants, recruitment   Full-term high-risk infants, recruitment   Preterm infants, 9 months old   Full-term high-risk infants, 9 months old                                        
  ---------------- ------------------------------ ------------------------------------------ ------------------------------- ------------------------------------------- ----------- ----------- ------------ -----------
  Motor area                                                                                                                                                                                                  
   n (%)           84 (48.0)                      91 (52.0)                                  50 (69.4)                       22 (30.6)                                   91 (89.2)   11 (10.8)   167 (93.8)   11 (6.2)
   *χ* ^*2*^       9.452                          1.899                                                                                                                                                       
   P values        0.002                          0.168                                                                                                                                                       
  Cognitive area                                                                                                                                                                                              
   n (%)           99 (56.6)                      76 (43.4)                                  53 (73.6)                       19 (26.4)                                   88 (86.3)   14 (13.7)   154 (86.5)   24 (13.5)
   *χ* ^*2*^       6.258                          0.003                                                                                                                                                       
   P values        0.012                          0.955                                                                                                                                                       
  Language area                                                                                                                                                                                               
   n (%)           62 (35.4)                      113 (64.6)                                 43 (59.7)                       29 (40.3)                                   92 (90.2)   10 (9.8)    162 (91.0)   16 (9.0)
  * χ* ^*2*^       12.319                         0.051                                                                                                                                                       
   P values        0.001                          0.821                                                                                                                                                       
  Social area                                                                                                                                                                                                 
   n (%)           95 (54.3)                      80 (45.7)                                  52 (72.2)                       20 (27.8)                                   92 (90.2)   10 (9.8)    160 (89.9)   18 (10.1)
   *χ* ^*2*^       6.811                          0.007                                                                                                                                                       
   P values        0.009                          0.934                                                                                                                                                       

The influencing factors of neurodevelopmental abnormalities in 9-month-old high-risk infants {#s3-4}
--------------------------------------------------------------------------------------------

Pearson's χ^2^ test was conducted to analyse the influencing factors of neurodevelopmental abnormalities in 9-month-old high-risk infants. The statistically significant factors include the following: advanced maternal age (age of the mother at birth \>35, *χ* ^2^=5.944, *p*=0.017) and drinking habit of the father (*χ* ^*2*^=4.329, *p*=0.036) are factors related to abnormalities in the motor area; advanced maternal age (*χ* ^*2*^=6.047, *p*=0.015), the mother watching television (TV) for a long time during pregnancy (≥5 hours/day, *χ* ^*2*^=8.507, *p*=0.018), advanced age of the father (age of the father at birth \>40, *χ* ^*2*^=7.627, *p*=0.009) and drinking habit of the father (*χ* ^*2*^=17.058, *p*=0.013) are related to abnormalities in the cognitive area; and smoking habit of the mother (*χ* ^*2*^=13.215, *p*=0.027) and the mother watching TV for a long time during pregnancy (≥5 hours/day, *χ* ^*2*^=10.545, *p*=0.011) are factors related to abnormalities in the language area.

In the multivariate analysis, the factors with statistical significance in the univariate analysis were used as the independent variables, and the abnormalities in the four areas of the GDS evaluation (DQ \<86) were taken as dependent variables. The results are shown in [table 3](#T3){ref-type="table"}. Preterm delivery, advanced age of the mother and drinking habit of the father are factors affecting the motor area of 9-month-old high-risk infants; advanced age of the mother, the mother watching TV ≥5 hours per day during pregnancy and drinking habit of the father are factors affecting the cognitive area; smoking habit of the mother is the factor affecting the language area ([table 3](#T3){ref-type="table"}).

###### 

Multivariate analysis of the neurodevelopmental abnormalities in 9-month-old high-risk infants

  Factor                                    Motor area   Cognitive area   Language area                                                                                                       
  ----------------------------------------- ------------ ---------------- --------------- ------------------------ -------- ------- ------- ------------------------- ------- ------- ------- -------------------------
  Constant                                  0.652        0.506            0.198           1.919                    −0.744   0.749   0.320   0.475                     0.000   0.816   1.000   1.000
  Advanced age of the mother                1.247        0.478            0.009           3.479 (1.361 to 8.870)   1.126    0.440   0.011   3.084 (1.301 to 7.313)                            
  Drinking habit of the father              0.958        0.469            0.041           2.608 (1.041 to 6.533)   1.363    0.440   0.002   3.909 (1.649 to 9.262)                            
  Preterm birth                             0.939        0.478            0.049           2.557 (1.003 to 6.518)                                                                              
  Mother watching television ≥5 hours/day                                                                          1.707    0.694   0.014   5.512 (1.416 to 21.462)                           
  Smoking habit of the mother                                                                                                                                         1.913   0.836   0.022   6.771 (1.315 to 34.879)

Discussion {#s4}
==========

Main findings {#s4-1}
-------------

In this study, the preterm infants' incidences of neurodevelopmental abnormalities in different areas can reach as high as 50% shortly after birth and are still about 10% at the age of 9 months. Consistent with other related research, preterm birth has a significant effect on neurodevelopment, especially in the motor area.[@R9] The development of obstetric and neonatal intensive care technology has consistently increased the survival rate of high-risk infants. Now in China, the survival rate of super-preterm infants with GA ≤28 weeks can reach 78%.[@R10] However, those preterm infants who survived still face severe developmental challenges. A long-term follow-up of preterm infants showed that about 50% of preterm infants with GA \<32 weeks have one or more developmental problems, and the rate of mild neurodevelopmental disorders can be as high as 50%.[@R11] Preterm infants with low birth weight have higher risk of developing attention deficit disorder and learning difficulties at school age.[@R2] It is because preterm infants leave the mother's body prematurely, so the brain cell proliferation decreases, causing the relatively low brain weight. The earlier the birth and the lighter the birth weight, the higher the risk of mental retardation and learning disabilities and so forth.[@R13]

In addition to preterm birth, parental bad habits also affect high-risk infants' neurodevelopment in the motor and cognitive areas. It is known that parental bad habits such as drinking and smoking have a negative impact on children's health. Parents watching TV for a long time means less parent--child interaction time, and then it affects the time and quality of the implementation of early intervention. Studies have shown that,[@R1] in addition to biological factors such as preterm birth and birth complications and so forth, family, social, environmental and other non-biological factors often interact with biological factors, affecting and predicting the long-term functional development of high-risk infants.

A systematic review of early interventions for preterm and low birthweight infants clearly states that development monitoring and early intervention have positive effects on improving high-risk infants' short-term motor and cognitive developmental outcomes, lasting from infancy[@R3] until the age of 36 months.[@R15] Our study also suggests that although the 9-month-old high-risk infants' incidence of developmental abnormalities is still about 10%, it has decreased significantly compared with that at the time of recruitment, which indicates that close development monitoring and early comprehensive intervention of high-risk infants at the county-level infant healthcare institutions contribute to better prognosis.

Limitations {#s4-2}
-----------

Although in this study all data on the follow-up of high-risk infants were carefully collected and cleaned, the accuracy and completeness of the data were still limited compared with those of well-designed studies. The GDS is a widely used classic scale for infants' development assessment in China. However, the scale is not updated according to the developmental characteristics and levels of contemporary children. Therefore, the timeliness of this scale is relatively poor. Since early intervention for high-risk infants is a requirement of the district-level (counties) infant health institutions, all high-risk infants who were followed up in three districts (counties) in this study received systematic management and early intervention. Thus there is no control group without systematic follow-up and intervention. Due to the limitations of the research design, it is unable to conduct more detailed and indepth multivariate analyses.

Implications {#s4-3}
------------

High-risk infants are at high risk of developmental disorders. The practice of follow-up of high-risk infants at district-level (counties) infant health institutions indicates that high-risk infants still face higher risk of developmental disorders within the year of birth. Long-term follow-up is required in order to observe long-term outcomes. Biological factors such as preterm birth and low birth weight are hard to change after birth, but actively carrying out parental health education during pregnancy and infancy, changing parental bad habits, improving the family environment and conducting early interventions can help to improve the development of high-risk infants.
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